We herein report a case of anti-MDA5 antibody-positive, clinically amyopathic dermatomyositis complicated by unilateral interstitial lung disease (ILD) in a 78-year-old man with a history of left lung tumor resection. He was admitted due to a persistent fever and abnormal right pulmonary opacity. A transbronchial lung cryobiopsy revealed pulmonary fibrosis, and combined immunosuppressive therapy was initiated. Findings from multiple evaluations, including dynamic breathing magnetic resonance imaging, supported decreased perfusion, ventilation, and mobility of the left lung as etiological factors of unilateral lung ILD. When patients present with laterality of such findings, clinicians should be aware that atypical imaging findings may be observed.
Introduction
Clinically amyopathic dermatomyositis (CADM) is a type of dermatomyositis (DM) that is characterized by typical cutaneous manifestations of DM with little or no muscle abnormalities and accounts for an estimated 5-20% of all cases of DM (1) . Antibodies against melanoma differentiationassociated protein 5 (MDA5) mark this subtype of dermatomyositis, and it is reported to be associated with severe, progressive, and often fatal, interstitial lung disease (ILD) (2, 3) .
Typical computed tomography (CT) findings of ILD in CADM include bilateral distribution of reticular opacities, volume loss, bronchiectasis, and infiltration (4) . We herein report a rare case of anti-MDA5 antibody-positive CADM complicated by unilateral ILD in a patient with a history of tumor resection in the left lung.
Case Report
A 78-year-old man with a history of left upper lobe lung cancer (pT2aN2M0, stage IIIA) and consequent left upper lobectomy had been followed for 5 years with no recurrence on CT imaging. He had been initially admitted to the Department of Urology in January 20XX for bladder cancer surgery and underwent three transurethral bladder tumor resection (TURBT) procedures. After the third procedure in late March, 20XX (day 1), he developed a persistent fever of unknown origin (body temperature more than 38 ) that was refractory to meropenem hydrate. He also presented with chronic cough for a few months and subacute, worsening dyspnea on exertion. In addition, an abnormal opacity in the chest region noted on CT imaging appeared to be pro- gressing, and he was referred to our department on day 35, for a further investigation and management.
His medical history included chronic obstructive pulmonary disease, type 2 diabetes mellitus, and hypertension. He was an ex-smoker (52 pack years until he quit at 72 years old) and had been chronically exposed to asbestos (between 40-65 years old). His regular medications were miglitol, sitagliptin phosphate, and telmisartan.
On admission to our service, vital signs were normal except for a slight fever of 37.6 and an oxygen saturation of 100% with 2 L/min oxygen via nasal cannula. A physical examination revealed fine crackles in the middle to lower lung fields at the back of the right lung along with decreased breath sounds in the left lung. On inspection, movement of the left chest wall had decreased more severely than that of the right chest wall. The patient had skin lesions and symptoms characteristic of dermatomyositis, namely Gottron's papule, dorsal dermal sclerosis, peripheral cyanosis, ulcerations and peripheral atrophy of fingers, erythema of the nail beds (periungual erythema; Fig. 1 ), Raynaud's phenomenon, and morning stiffness. He did not complain of muscle weakness or myalgia, and manual muscle testing of the extremities was normal.
The laboratory findings are shown in Table 1 and were significant for elevated levels of aldolase (8.3 IU/L), ferritin (253 ng/mL), Krebs von den Lungen (KL-6) (1,133 U/mL), and inflammatory markers-namely C-reactive protein (9.16 mg/dL) and WBC (10,220/μL); however, the creatine kinase level was normal. An arterial blood gas analysis was remarkable only for increased A-aDO2 (21 Torr, room air). Immunological investigations were positive for anti-nuclear antibodies, notably a cytoplasmic pattern (1:40), along with anti-MDA5 antibody (titer: 189 index value; normally <32.0, determined using an enzyme-linked immunosorbent assay; MEASACUP anti-MDA5 test, Corona Electric, Hitachinaka, Japan). Pulmonary function tests demonstrated restriction and diffusion impairment.
Chest X-ray acquired immediately after transfer to our department revealed unilateral ground-glass opacity and reticu-lation in the right middle and lower lung fields ( Fig. 2A ). Subsequent high-resolution CT of the right lung showed prevailing basilar reticulation associated with a decreased volume and bronchiectasis in the lower lobe, whereas no abnormalities were noted in the left lung ( Fig. 2B , C). Lung ventilation scintigraphy demonstrated laterality (right:left = 61.6%:38.4%) consistent with lobectomy ( Fig. 3 ). Dynamic breathing magnetic resonance imaging (MRI) was performed at a fixed mid-coronal plane through the trachea and at two fixed mid-sagittal planes through the middle of each lung, as previously described. The patient was asked to breathe slowly and deeply from maximal inspiration to maximal expiration several times (5) . Thoracic movement was evaluated by measuring the dimensions of the chest wall in three regions in cine images: longitudinal thoraces (from the apex to diaphragm) on the mid-coronal plane and upper and lower anteroposterior thoraces (5 cm below the apex and 5 cm above the diaphragm, respectively, at maximal inspiration) on the mid-sagittal planes. The anteroposterior dimension of the thorax (ADT) and longitudinal dimension of the thorax (LDT) were measured at maximum inspiration and maximum expiration as follows: a, LDT at maximal inspiration; b, LDT at maximal expiration; c, ADT of the upper thoraces at maximal inspiration; d, ADT of the upper thoraces at maximal expiration; e, ADT of the lower thoraces at maximal inspiration; and f, ADT of the lower thoraces at maximal expiration. The mobility of the thoraces was evaluated based on the amplitude of respiratory motions and calculated as the difference between LDT and ADT at maximal inspiration and expiration (LDT: a-b, upper ADT: c-d, lower ADT: e-f). Our patient showed relative impairment of mobility and a reduced amplitude of respiratory motion in the left lung on both the coronal and sagittal planes ( Fig. 4 , Table 2 ).
He underwent bronchoscopy on day 35, for a further investigation, and bronchoalveolar lavage (BAL) of the middle lobe of the right lung was performed. The total cell number in the BAL fluid was 3.7×10 5 /mL, and cytology was negative (class I). A fluid analysis showed an elevated lympho- cyte count (37.2%); in addition, neutrophils (18.4%), eosinophils (4.8%), and macrophages (39.6%) were observed. No microorganisms were cultured from the BAL fluid. Two biopsy samples, 20×8 mm 2 in size, were obtained from the right lung (B 9 a, B 9 b) through a transbronchial lung cryobiopsy (TBLC). The pathological evaluation of the biopsy tissue revealed thickening and edematous detachment of the alveolar wall, a collapsed alveolar space with cellular infiltration (macrophages and lymphocytes), and increased elastic fibers. Although pathological findings suggestive of diffuse alveolar damage (DAD), such as hyaline membrane and extensive fibrin, were not detected, fibrosis was remarkable in the interstitial tissue as well as in the lumen of the collapsed alveolae ( Fig. 5 ). Asbestos bodies were not detected. A skin biopsy from the left dorsal hand revealed edematous detachment of the dermo-epidermal junction and lymphocytic infiltration of the dermis. Based on the above findings, a diagnosis of anti-MDA5 antibody-positive clinically amyopathic dermatomyositis (CADM) associated with ILD was made (6, 7) . Physical and laboratory findings were negative for other comorbid connective tissue diseases.
The clinical course of the patient is depicted in Fig. 6 . Given the possibility of his condition being the early phase of rapidly progressive ILD (RP-ILD), he was treated with combination therapy from day 43, after his diagnosis, which comprised oral prednisolone at 50 mg/day and oral tacrolimus at 3 mg/day. Intravenous cyclophosphamide (IVCY) 500 mg was administered every 21 days, beginning on day 49. Prednisolone was tapered to 30 mg/day after 2 weeks, and the tacrolimus dosage was increased to 5 mg/ day, with therapeutic drug monitoring. These treatments led to a gradual reduction in KL-6 and ferritin. However, there was a slight increase in the oxygen demand, which was consistent with our observation of slowly worsening reticulation on chest CT. The patient was discharged from the hospital on day 83, with home oxygen therapy. In total, the patient was administered IVCY four times, and prednisolone was gradually reduced to 20 mg/day. His respiratory condition remained stable thereafter, and he remained alive for the next six months. 
Discussion
We encountered a case of anti-MDA5 antibody-positive CADM complicated by unilateral ILD and displaying atypical imaging features. CADM is associated with a poor prognosis due to the development of RP-ILD, especially when patients test positive for anti-MDA5 antibody (8, 9) . In our patient, the pathological features indicated remarkable damage to the alveoli, suggesting possible progress to DAD. Furthermore, a non-DAD pattern in RP-ILD with anti-MDA5 antibody-positive CADM has been reported; in this pattern, the pathological findings show diffuse and homogeneous inflammatory cell infiltration without a DAD pattern. The pathological pattern was diagnosed as unclassifiable interstitial pneumonia and inferred to be the early phase of RP-ILD (10) . The pathological findings of our patient also indicated a non-DAD pattern. However, given the above facts and subacute clinical course of the respiratory symptoms and radiological findings, our patient was likely to develop RP-ILD. Therefore, we administered triple combined immunosuppressive therapy, which resulted in a survival for A TBLC has recently been deemed both sufficient and safe for establishing a histopathological diagnosis of ILD (11) , as it provides sufficiently large samples that enable an accurate diagnosis, thereby leading to the prompt administration of appropriate treatment. Furthermore, previous studies using cryobiopsies have reported fewer complications than with a conventional surgical lung biopsy. In the present case, specimens of satisfactory size were obtained without any adverse events, demonstrating the efficacy of a TBLC.
Our patient had asymmetrical interstitial pneumonia, which is a rare presentation associated with connective tissue disease-associated ILD (CTD-ILD). Several possible causes of unilateral interstitial pneumonia have been previously reported, including gastroesophageal reflux (GER), vascular perfusion abnormalities of the lung, abnormal pulmonary ventilation, and impaired mobility of the thorax (12) (13) (14) (15) . Therefore, we examined if and how these factors might have contributed to the etiology. Our patient did not report symptoms typical of GER, and it has been reported that patients with GER do not always present with gastrointestinal symptoms. We did not perform specialized studies such as pH impedance monitoring or esophageal manometry; however, upper gastrointestinal endoscopy showed no abnormalities of the gastrointestinal mucosa. We therefore concluded that GER was not a likely etiological factor. In addition, a relatively low perfusion of the left lung was expected in our patient due to vascular resection during left upper lobectomy. In cases of idiopathic pulmonary fibrosis, increased blood flow is known to induce fibroblasts, which in turn leads to fibrosis, and the imaging findings in the present case are consistent with such a scenario (16) . However, we were unable to clearly detect a left vs. right difference in the lung perfusion, as lung perfusion scintigraphy was not available in our facility. Next, we assessed the pulmonary ventilation using scintigraphy and found a reduced ventilation of the left lung compared with the right. Several studies have reported that elevated superoxide and hydrogen peroxide levels following hyperoxia cause lung injury (17) (18) (19) (20) . It is thus possible that the relative increase in the ventilation in the right lung led to hyperoxia and eventual fibrosis in the dominant (right) lung in our patient. Finally, because the physical and radiological findings indicated the laterality of chest wall mobility, dynamic breathing MRI was used to visualize the movement of the thorax, which showed significantly impaired mobility in the left side compared with the right; pleural adhesion and tracheal displacement after the previous lobectomy may have contributed to limited chest wall movement (21) . Froese et al. recently revealed that mechanical tissue stretching leads to the development of pulmonary fibrosis, as it activates fibroblasts (22) . In our patient, the greater chest wall mobility in the right lung may have stretched the tissue therein, thus precipitating unilateral ILD.
Based on the above, we believe that a combination of decreased perfusion, ventilation, and mobility of the left lung contributed to the asymmetrical interstitial pneumonia in our patient. Interestingly, one previous study has also reported on patients with unilateral pleuroparenchymal fibroelastosis (PPFE) (12) . In that study, it was considered that impaired thoracic movement in the operated side triggered the development of unilateral upper lung field pulmonary fibrosis, especially in patients with an apical cap. However, in that study, all patients had lung lesions limited to the operated Figure 6 . Clinical course of the patient. KL-6: Krebs von den Lungen-6, O2: oxygen, IVCY: intravenous cyclophosphamide, PSL: prednisolone, TAC: tacrolimus side, which is contrary to the presentation in our patient. Although it is possible that different pathogenic mechanisms will have divergent manifestations, further studies will be needed in order to obtain new findings concerning unilateral ILD.
Conclusion
We encountered a patient diagnosed with anti-MDA5 antibody-positive CADM who also developed asymmetrical ILD. The rapid diagnosis and treatment are essential for improving the prognosis in cases of CADM. In patients presenting with laterality of pulmonary findings, clinicians should be aware that atypical imaging findings may be observed.
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